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Abstract
The aim of this study is to determine whether (and to what extent) the weak form of efficient-market hypothesis could be 
considered true in relation to the financial instruments listed on the Warsaw Stock Exchange in relation to the exchanges of 
Baltic Sea countries. With respect to the analyzed indices three types of randomness tests were performed: autocorrelation test, 
series test and unit root test. The direct practical implication of this paper is the assumption that the selected active investment 
strategies can be successfully used for some groups of shares quoted on WSE, as well as for selected European exchanges. 
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Introduction
The price of a financial instrument traded on capital market is a direct or indirect reflection of a number of 
complex economic phenomena. Modern understanding of the theory of efficient capital markets is based on the 
definition of Eugene Fama, according to which an efficient market is the one in which prices always fully reflect 
available information. As long as the market is considered efficient all the investment strategies that are based on 
generally available information do not allow investors to achieve above-average rates of return, and the changes of 
financial asset prices are random. The aim of this study is to determine whether (and to what extent) the weak form 
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of efficient-market hypothesis could be considered true in relation to the financial instruments listed on the Warsaw 
Stock Exchange in relation to the exchanges of Baltic Sea countries. 
Verification of the weak form of the efficient-market hypothesis (EMH) presented in this paper is based on the 
assumption that the use of investment strategies based on the knowledge of past prices of financial instruments does 
not guarantee higher than average rates of returns. The study was carried out in an indirect way, using three types of 
statistical tests of randomness: autocorrelation test, series test and the test for the presence of unit root. 
Market efficiency is one of the most important features describing each financial market in the area of 
information processing mechanisms. The concept of market efficiency is connected with the name of Eugene Fama 
(Fama 1970). According to him, an informationally efficient market is a market where all new information is 
immediately absorbed by its participants and immediately, as a resul, determine the prices. Based on the approach of 
Samuelson and the suggestions of Roberts, Eugene Fama in 1970 introduced the theory and evidence concerning the 
market efficiency (Fama 1970). Hence, according to the definition by Fama, an efficient market is one, in which 
prices always fully reflect the available information (Fama 1970). It implies, that it is not possible to achieve
permanently superior returns on the basis of generally available information, and the changes in financial asset 
prices are random. Depending on the set of information affecting the price of financial assets, the following forms of 
market efficiency can be distinguished (Fama 1970): weak, medium and strong. The weak form of efficiency seems 
to be the easiest to reach by the market, as currently the information regarding historical quotations are widely 
available and often freely published. In 1991, Fama modified his classification of the forms of efficiency. He 
expanded the category of weak market efficiency, replacing it with a more general category of return predictability 
testing. Apart from the research concerning the predictability of returns, this category also includes the tests relating 
to the relationships occurring in cross-sectional samples using variables such as dividend yield, interest rates and the 
size of the company (Fama 1991). 
Market efficiency in weak form means that the current rates of an asset should reflect all the attainable 
information that may affect their valuation. In consequence quotations of financial instruments vary randomly, as 
the market reacts immediately and completely adequately to the information coming to market, in a way impossible 
to predict (Haugen 1996). In the literature, the randomness of changes in the prices of shares started to be called the 
random walk hypothesis. Recognition of the degree of market efficiency, in addition to the cognitive aspect relating 
to development of the market and its way of functioning, also has the practical dimension for the investors and the 
managers of companies and of financial instrument portfolios. 
1. Research methodology and theoretical background
In the financial literature several definitions of the random walk can be found. A widely presented and popular 
classification of the random walk models can be quoted after Campbell, Lo and MacKinlay (Campbell, Lo, 
Mackinlay 1997). The authors have identified three types of the random walk, useful in the analysis of financial 
assets. The first definition of the random walk (RW1) assumes that the price increases are characterized by equal 
and independent distributions, which can be expressed by the following equation (Campbell, Lo, Mackinlay 1997):
ttt PP HP  1 ),0(~
2VH IIDt (1)
where P is the expected change in price, and ),0( 2VIID means, that random components are independent and 
identically distributed. Therefore, it is a very strong assumption due to the lack of correlation between the 
increments and the identity of distributions, which in the case of a long-existing equity market may be difficult to 
meet (Jajuga ed. 2000). The second type of the random walk (RW2) assumes that the increments are independent, 
which can be expressed by the following equation:
ttt PP HP  1 ),0(~ 2VH INIDt (2)
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where ),0( 2VINID means that, that the random components tH are independent, of non-identical distribution. 
RW2 is a more realistic assumption, but a weaker one than RW1, as it allows for unconditional heteroskedasticity of 
the random components
tH . RW2 still retains a very interesting economic property of the random walk, namely that 
a past change in prices cannot be used to predict price changes in the future. The third type of the random walk, 
(RW3) assumes that the increments are uncorrelated, which can be expressed as follows:
ttt PP HP  1 (3)
0),cov(  ktt HH for every 0zk ,
where 0),cov( 22 zktt HH for certain 0zk .
RW3 is the weakest form of the random walk, and at the same time the most frequently tested hypothesis of the 
random walk in the literature on the subject. On the basis of the third type of the random walk, it is possible to 
forecast the future price changes using historical data, which is contrary to the weak form of market efficiency. 
Thus, it can be said that RW1 corresponds to the traditional meaning of the random walk, RW2 corresponds to the 
definition of efficiency, while RW3 does not correspond to the capital market informational efficiency (Jajuga, 
2000). Random walk hypothesis is stronger than the hypothesis of weak form of efficiency, which allows us to 
conclude that if there is a random walk (accidental) in the studied time series then the statement concerning at least a 
weak market efficiency (Cone, 2003) is also true. It should, however, be remembered that the market may be 
effective and the prices of stocks or indexes may not be subject to the random walk.
In this study, with respect to the analysed financial instruments three types of randomness tests were performed: 
autocorrelation test, series test and unit root test.
Testing the autocorrelation of the time series consist of examining whether there is a linear relationship between 
the adjacent observations. In such a case, the autocorrelation of the k-th order (ACF) is given by the equation 
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where: kUˆ – estimated correlation coefficient of the series k; rt, rt-k – rates of return of a financial instrument in the 
period t and t-k; r – average rate of return of a financial instrument; T – number of observations; k – delay.
The lack of autocorrelation of the first order  (between adjacent observations) does not preclude the existence of 
autocorrelation of higher delays. To determine the randomness of price, it is therefore required to fulfil the condition 
RIWKHODFNRIDXWRFRUUHODWLRQRIWKHILUVWDQGVXEVHTXHQWRUGHUV&]HNDM:RĞĩDUQRZVNL 2001). Due to the fact that 
the autocorrelation coefficients of higher orders ignore the impact of information provided by the observations 
between the first and last one in the period, within the framework of the statistical analysis the coefficients of partial 
autocorrelation were also determined  (PACF) (Witkowska, Matuszewska, Kompa 2008).
The second group of test were the series tests. The concept of series on the capital market is understood as a 
continuous sequence of changes in the prices of financial instruments in a given direction, before and after which the 
OHYHORISULFHVFKDQJHVLQWKHRSSRVLWHGLUHFWLRQ&]HNDM:RĞĩDUQRZVNL,QWKHFDVHRISULFHVRIILQDQFLDO
instruments the existence of non-negative (series of uninterrupted consecutive increases or lack of change in prices) 
and non-positive series (price declines) is generally assumed. Other approaches suggest the identification of three 
types of series (lack of change in prices is treated as a separate state) (Jajuga red. 2000). With respect to the selected 
markets of Baltic countries the occurrence of non-negative and negative series was adopted. 
The third group of statistical tests adopted in this research involves the tests enabling the verification of the 
hypothesis of the stationarity of the examined time series. The output model for the performance of these tests was 
the regression equation model (Witkowska, Matuszewska, Kompa 2008). In the further part of the studies the 
augmented Dickey-Fuller test was used (ADF). This test checks the null hypothesis stating that the process is 
cumulative (integrated) of the first degree: I(1) in comparison with the alternative hypothesis stating that the process 
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is not integrated I(0) (Kufel 2007). Rejection of the null hypothesis means that the time series is stationary. If the 
null hypothesis could not be rejected, it is proposed that the series is nonstationary, and the testing procedure is 
repeated for the initial (testing the integration in the first order) or subsequent differences (for higher orders) 
(Witkowska, Matuszewska, Kompa 2008). 
2. Results
The study was conducted for the period 01.2000-12.2014 with regard to the four indexes set at the Warsaw Stock 
Exchange (WIG - wide index, WIG20 - blue chips, MWIG40 - medium-sized companies, SWIG80 - small 
companies) and five indexes of stock exchanges of the countries from the Baltic Sea basin: OSEAX NORWAY, 
OMX STOCKHOLM, OMX VILNIUS, OMX TALLIN, OMX. Source data relating to the quotations came from 
the stooq.pl database. GRETL 1.9.90 suite was used in the calculations. 
2.1. Autocorelation tests
The results of autocorrelation tests of the time series of logarithmic returns of selected indexes, are presented in 
Tables 1 and 2. Bold type indicates the cases of rejection of the null hypothesis, at a significance level of 0.05, 
which is equivalent to determining the occurrence of autocorrelation of the k-th order. 
Table 1. Autocorelation tests of the time series of Polish stock market indices (rates of returns)
WIG WIG20 MWIG40 SWIG80
k ACF PACF ACF PACF ACF PACF ACF PACF
1 0.0718 0.0718 0.0368 0.0368 0.1644 0.1644 0.1945 0.1945
2 -0.0147 -0.0200 -0.0274 -0.0287 0.0442 0.0176 0.0568 0.0197
3 0.0087 0.0112 -0.0025 -0.0004 0.0609 0.0523 0.0927 0.0812
4 0.0075 0.0058 0.0100 0.0093 0.0416 0.0235 0.0563 0.0238
5 0.0136 0.0130 0.0007 -0.0001 0.0205 0.0075 0.0577 0.0396
6 -0.0120 -0.0139 -0.0259 -0.0255 0.0099 0.0011 0.0287 0.0023
7 0.0023 0.0046 -0.0151 -0.0132 0.0085 0.0030 0.0299 0.0167
8 -0.0087 -0.0101 -0.0037 -0.0041 0.0124 0.0084 0.0399 0.0234
9 0.0145 0.0161 0.0134 0.0129 0.0471 0.0437 0.0527 0.0368
10 0.0119 0.0093 0.0036 0.0028 0.0436 0.0289 0.0462 0.0238
15 0.0304 0.0321 0.0338 0.0362 0.0293 0.0242 0.0547 0.0448
20 -0.0141 -0.0129 -0.0318 -0.0316 0.0027 -0.0138 0.0493 0.0179
25 0.0215 0.0186 0.0293 0.0302 0.0455 0.0408 0.0186 -0.0056
30 -0.0474 -0.0492 -0.0449 -0.0473 -0.0246 -0.0249 -0.0154 -0.0149
35 0.0120 0.0127 0.0072 0.0091 0.0147 0.0114 0.0432 0.0270
40 0.0101 0.0070 -0.0045 -0.0102 0.0254 0.0094 0.0271 0.0141
45 -0.0008 0.0066 -0.0133 -0.0078 0.0163 0.0213 0.0151 0.0120
50 -0.0135 -0.0194 -0.0266 -0.0327 -0.0179 -0.0300 0.0052 -0.0160
Bold type indicates the cases of rejection of the null hypothesis, at a significance level of p<0.05.
Table 2. Autocorelation tests of the time series of Baltic countries stock market indices (rates of returns)
OSEAX NORWAY OMX STOCKHOLM OMX VILNIUS OMX TALLIN OMX RIGA
k ACF PACF ACF PACF ACF PACF ACF PACF ACF PACF
1 -0.0003 -0.0003 -0.0251 -0.0251 0.1345 0.1345 0.1463 0.1463 0.0405 0.0405
2 -0.0318 -0.0318 -0.0389 -0.0396 0.0613 0.0440 0.0550 0.0343 0.1081 0.1066
3 0.0194 0.0194 -0.0405 -0.0426 0.0524 0.0394 0.0398 0.0276 0.0056 -0.0027
4 -0.0007 -0.0017 -0.0091 -0.0129 0.0551 0.0416 0.0391 0.0284 -0.0684 -0.0811
5 -0.0612 -0.0601 -0.0303 -0.0344 -0.0013 -0.0183 0.0282 0.0165 -0.0413 -0.0369
6 -0.0065 -0.0069 -0.0399 -0.0446 0.0642 0.0616 0.0370 0.0278 -0.0194 -0.0001
7 0.0340 0.0304 0.0318 0.0259 0.0807 0.0636 0.0564 0.0450 -0.0328 -0.0231
8 0.0069 0.0088 0.0046 -0.0002 0.0872 0.0644 0.0266 0.0083 0.0304 0.0301
9 0.0298 0.0320 0.0063 0.0045 0.0569 0.0297 0.0566 0.0463 0.0367 0.0362
10 -0.005 -0.0094 -0.0296 -0.0289 0.0719 0.0459 0.0778 0.0595 0.0613 0.0505
15 0.0428 0.0443 0.0256 0.0262 0.0451 0.017 0.0139 -0.0028 -0.0202 -0.025
20 -0.0472 -0.0468 -0.0182 -0.0249 0.01 -0.0203 -0.0363 -0.0436 0.0196 0.0064
25 0.0425 0.0374 0.0443 0.0523 0.0186 -0.0005 0.0063 0.0051 -0.0249 -0.0211
30 -0.0317 -0.0327 -0.0141 -0.0057 0.0411 0.0336 0.0270 0.0301 -0.0219 -0.0112
35 0.011 0.0087 -0.0173 -0.0149 -0.012 -0.0197 -0.0012 -0.0009 -0.024 -0.0085
40 0.0377 0.0415 0.0132 0.0137 0.0144 -0.0051 0.0247 0.0109 0.0629 0.0513
45 0.0084 0.0105 -0.0107 -0.0112 0.0175 0.0014 -0.0012 -0.0072 0.0363 0.0442
50 -0.0002 0.0036 -0.0306 -0.0304 -0.0151 -0.0237 -0.0158 -0.01 -0.0064 -0.0152
Bold type indicates the cases of rejection of the null hypothesis, at a significance level of p<0.05.
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Statistically significant positive correlation of the first order was observed in the case of all the analysed Polish 
indexes. The results obtained in this part allow to reject the random walk hypothesis in relation to the Polish market. 
It should be noted, however, that the statistically significant coefficients have low values (do not exceed the level of 
+/- 0.2). Most deviations from randomness were observed in the case of the market of small companies.
When analysing the autocorrelation coefficients of other indexes it should be noted that the rates of return are 
also not subject to the random process throughout the considered period (see Table 2). For example, for the OMX 
Stockholm index, only the autocorrelations of orders of k = 2, 3, 6, 25 proved to be significant.
Relatively highest number of significant autocorrelation coefficients (of relatively highest absolute values) was 
obtained for the indexes of medium and small companies, and especially for the stock exchanges in Vilnius, Tallinn 
and Riga. The lack of conclusive results for all the analysed markets cannot support the conclusion that they were 
characterized by informational efficiency in the weak form during the analysed period. Among the analysed indexes 
quotations of the WIG and OMX Stockholm indexes are to the greatest degree similar to the random walk model.
2.2. Series tests
The verification results of the hypothesis on the random nature of the logarithmic rates of return changes of the 
selected indexes of the Warsaw Stock Exchange and other stock exchanges being subject to the research with the 
use of series’ tests are shown in Table 3. The conducted research did not give a clear answer to the question about 
the nature of the logarithmic rates of return changes of the analysed indexes. At the level of significance p<0.05 the 
null hypothesis on randomness of the studied series should be rejected in relation to the indexes: MWIG40, 
SWIG80, OMX Vilnius, OMX Tallinn, OMX Riga. Thus, there are no grounds for believing that these markets (or 
their segments) are efficient in the sense of a weak EMH form.
Table 3. Series tests of the time series of Polish and Baltic countries stock market indices
Index Z -score p-value
WIG 0.47319 0.636
WIG20 1.77854 0.076
MWIG40 -6.44517 0.000
SWIG80 -10.8834 0.000
OSEAX Norway -0.282394 0.778
OMX Stockholm 0.811944 0.417
OMX Vilnius -5.89054 0.000
OMX Tallin -6.3134 0.000
OMX Riga 3.8747 0.000
Bold type indicates the cases of rejection of the null hypothesis, at a significance level of p<0.05.
Although it does not provide a possibility of explicit concluding on informational efficiency of the Warsaw 
Stock Exchange in the weak form, it allows to assume that quotations are going increasingly towards randomness in 
parallel with the institutional and organizational development of the market. The obtained results are in line with the 
conclusions of other studies, where the authors identified some cases of informational inefficiency of the WSE, 
especially in the segment of small and medium-sized enterpULVHV :LWNRZVNDĩHEURZVND-Suchodolska, 2008), as 
well as smaller stock exchanges.
2.3. Unit root tests
In order to confirm the existing assumptions, time series of the analysed indices closing prices and daily 
logarithmic rates of return of those quotations were analysed with the use of the ADF test (see Table 4). The 
conducted tests make it possible to state that the series of the closing prices of the studied indexes are non-stationary
series. Simultaneously, in the case of all the indexes, time series of logarithmic rates of return are stationary. The 
ADF test has shown that the analysed price series are integrated in the first order I(1), and the series of rates of 
return are not integrated I(0). This means that, under the conducted test, the time series of quotations of the analysed 
indexes should be treated as realizations of a random walk process with drift. Therefore, the results of the conducted 
study do not confirm the assumption regarding the lack of informational efficiency of stock market of the surveyed 
stock exchange of the Baltic countries in the weak form.
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Table 4. Augmented Dickey-Fuller tests of the time series of Polish and Baltic countries stock market indices
Index
Quotations Rates of returns
Model
Integration
Model
Integration
A B C A B C
WIG -1.03734 -1.72091 -1.96758 I(1) -57.0406 -57.0331 -57.0375 I(0)
WIG20 -1.65013 -1.79548 -2.25699 I(1) -43.7763 -43.7707 -43.7764 I(0)
MWIG40 -1.06585 -1.4548 -1.97977 I(1) -27.0851 -27.0814 -27.0826 I(0)
SWIG80 -1.20348 -1.58437 -2.25699 I(1) -10.7932 -10.8026 -10.8473 I(0)
OSEAX Norway -0.896711 -2.15706 -2.1755 I(1) -11.9868 -11.9852 -11.9917 I(0)
OMX Stockholm -1.33248 -2.62303 -2.45848 I(1) -11.5197 -11.641 -11.6853 I(0)
OMX Vilnius -1.41318 -1.76308 -1.99477 I(1) -12.2516 -12.2566 -12.2617 I(0)
OMX Tallin -1.32073 -1.57251 -1.73824 I(1) -15.5406 -15.5638 -15.5624 I(0)
OMX Riga -1.86208 -1.56627 -1.7302 I(1) -13.3003 -13.4193 -13.4507 I(0)
A - with constant, B - with constant and trend, C - with constant, trend and squared trend
Bold type indicates the cases of rejection of the null hypothesis, at a significance level of p<0.05.
Conclusions
The results presented in that paper do not permit for an unequivocal rejection of the weak form of hypothesis of 
informational efficiency of the Warsaw Stock Exchange. The obtained results are consistent with the conclusions of 
other studies, which identified some cases of informational inefficiency of WSE, particularly in relation to the small 
and medium-sized companies. The direct practical implication of this paper is the assumption that the selected active 
investment strategies can be successfully used for some groups of shares quoted on WSE, as well as for selected 
European exchanges. The followers of the efficient market hypothesis (EMH) indicate that there may be a 
dependence, which can be explained by the existence of transaction costs. However, when there is a small 
correlation, the potential return on investment will be levelled by the costs incurred during attempts to utilize the 
observed dependencies (Elton, Gruber). All the coefficients of autocorrelation of the studied indices have low 
values; therefore, after taking into account transaction costs, it may be impossible to achieve extraordinary profits 
from the observed dependencies. In the research works examining the information efficiency of the markets the 
importance of empirical results, and not the fact of reflecting the information available in stock prices by the market, 
are emphasized. It therefore appears that the methods of analysis applied for the research of efficiency are more 
useful for determining their profitability than the level of the market efficiency. The problem of EMH is its 
complexity in theoretical and practical dimension, which is why it cannot be unequivocally verified. Bearing in 
mind the ambiguity of the obtained results, it is reasonable to employ other tests in the future research, as well as to 
use the data of other than daily frequency and for different economic situation.
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